The International Food Policy Research Institute (IFPRI), established in 1975, provides evidence-based policy solutions to sustainably end hunger and malnutrition and reduce poverty. The Institute conducts research, communicates results, optimizes partnerships, and builds capacity to ensure sustainable food production, promote healthy food systems, improve markets and trade, transform agriculture, build resilience, and strengthen institutions and governance. Gender is considered in all of the Institute's work. IFPRI collaborates with partners around the world, including development implementers, public institutions, the private sector, and farmers' organizations, to ensure that local, national, regional, and global food policies are based on evidence. IFPRI is a member of the CGIAR Consortium.
INTRODUCTION
While Bangladesh has experienced steady advances in food production thanks to the adoption of agricultural technologies, it has yet to overcome chronic food insecurity. In South Asia, the low status of women and gender gaps in health and education contribute to chronic child malnutrition (Smith et al. 2003) and food insecurity (von Grebmer et al. 2009 ), even as other determinants of food security, such as per capita incomes, have improved. Renewed interest in agriculture as an engine of inclusive growth and specifically in women's empowerment has highlighted the need to develop indicators for measuring women's empowerment, to examine its relationship to various food-security outcomes, and to monitor the impact of interventions to empower women. This paper demonstrates how the recently developed Women's Empowerment in Agriculture Index (WEAI) (Alkire et al. 2013) can be used to assess the extent of women's empowerment in agriculture, diagnose areas where gaps in empowerment exist, and examine the extent to which improvements in the underlying indicators in these areas can improve food security in rural Bangladesh. The WEAI is a new survey-based index that uses individual-level data collected from primary male and female respondents within the same households and is similar in construction to the Alkire and Foster (2011) group of multidimensional poverty indexes.
Although it was initially developed as a monitoring and evaluation tool for the US government's Feed the Future programs, the WEAI has broader applicability as a diagnostic tool for policymakers, development organizations, and academics seeking to inform efforts to increase women's empowerment.
The WEAI was developed and tested between 2011 and 2012 using three country pilot surveys in Bangladesh, Guatemala, and Uganda (Alkire et al. 2013 ); this paper is the first effort to calculate the index using a nationally representative survey.
Using nationally representative data from the 2012 Bangladesh Integrated Household Survey (BIHS) conducted by IFPRI, this paper examines the relationship between women's empowerment in agriculture in rural Bangladesh and two measures of food security at the household level: per adult equivalent calorie availability and household dietary diversity. We use five measures of women's empowerment: the aggregate women's empowerment score, based on the five domains of empowerment in agriculture (5DE), as well as four individual indicators derived by decomposing the 5DE to identify in which of the five domains disempowerment is most acute and using the specific indicators that comprise those domains. In addition, we examine whether women's empowerment relative to men, reflected by another component of the WEAI, the Gender Parity Index (GPI), affects household food security. Because empowerment itself is endogenous, we use instrumental variables (IV) regression to examine the relationship between various measures of women's empowerment, women's relative empowerment, and measures of household food security.
We find that increases in women's empowerment scores, as measured by 5DE, increase both calorie availability and household dietary diversity. Empowerment gaps for women in rural Bangladesh are found to be greatest in terms of leadership in the community and control and access to resources. Analyzing these two domains further in terms of their component indicators, we find that the number of groups in which women actively participate and women's greater control of assets are positively associated with both food-security outcomes. Results regarding credit decisionmaking are ambiguous, because seeking credit does not necessarily signify empowerment in the Bangladeshi context, given that wealthier households may be able to self-finance and that microfinance groups target poor women as their clients. We also find that narrowing the gap in empowerment between men and women within households is positively associated with calorie availability and household dietary diversity, consistent with the growing literature arguing that reducing intrahousehold gender inequality contributes positively to household welfare.
Our results also indicate that increasing crop diversity improves dietary diversity, an important finding in Bangladesh, where about 77 percent of the total cropped area is under rice cultivation, implying very little crop diversity . Our findings call for increased investment in agricultural research to enhance the productivity of other food crops, such as pulses, vegetables, and fruits, which would induce farmers to increase their production of these crops.
BACKGROUND Agriculture, Women's Empowerment, and Food Security
Agriculture is closely linked to food security, in that it provides a source of food and nutrients and a broad-based source of income as well as directly influencing food prices (Arimond et al. 2010) . Women account for 43 percent of the agricultural labor force in developing countries (FAO 2011b ), yet considerable gender bias exists in the agricultural sector, in terms of quantities of assets, agricultural inputs, and resources that women control (see Agarwal [1994] on land in South Asia; Deere et al. [2013] on assets; and Peterman, Behrman, and Quisumbing [2010] on nonland inputs) as well as returns to those inputs (Kilic, Palacios-Lopez, and Goldstein 2013) .
In Bangladesh, although the number of women in the agricultural labor force is increasing (Asaduzzaman 2010) , women still tend to be "invisible" in the sector, owing to the commonly held view that women are not involved in agricultural production, especially outside the house, because of cultural norms that value female seclusion and undervalue female labor (Kabeer 1994; Rahman 2000) . However, women in poor households, who are at greater risk of being food-insecure, are more likely to be involved in the agricultural sector, particularly as wage laborers, because women's earnings are important to their families' subsistence. Zaman (1995) provides evidence that the gender division of labor in agriculture is not as strictly demarcated as assumed, with women being involved in agricultural work both inside and outside the household. Rahman (2010) shows that female agricultural labor contributes significantly to productivity as well as technical efficiency, but finds, similar to Zaman (1995) , that gender bias exists in the agricultural labor market. Remunerative employment of labor remains skewed in favor of men, since female labor is engaged only when the male labor supply is exhausted. Women's ability to generate income in the agricultural sector is also severely constrained by their lack of access to productive assets.
The rationale for examining gender inequality in agriculture is rooted in a body of empirical evidence that demonstrates the ways in which women are essential to improvements in household agricultural productivity, food security, and nutrition security. Considerable evidence exists that households do not act in a unitary manner when making decisions or allocating resources Haddad, Hoddinott, and Alderman 1997) . This means that men and women within households do not always have the same preferences nor pool their resources. The nonpooling of agricultural resources within the household creates a gender gap in the control of agricultural inputs, which has important implications for productivity. Several empirical studies have found that redistributing inputs between men and women in the household has the potential to increase productivity (Udry et al. 1995; Peterman, Behrman, and Quisumbing 2010; Kilic, Palacios-Lopez, and Goldstein 2013) . A growing body of empirical evidence suggests that increasing women's control over resources has positive effects on a number of important development outcomes. For Côte d'Ivoire, Hoddinott and Haddad (1995) and Duflo and Udry (2004) find that increasing women's share of cash income significantly increases the share of household budget allocated for food. Doss (2006) shows that in Ghana, women's share of assets, particularly farmland, significantly increases budget shares allocated for food.
Considerable evidence also suggests that mothers' greater control over resources improves child outcomes, in particular nutrition and education (Hallman 2003; Quisumbing 2003; Quisumbing and Maluccio 2003; Skoufias 2005) . Although much of the above-mentioned evidence has emerged from observational studies, a systematic review of programs targeting transfers to women (Yoong, Rabinovich, and Diepeveen 2012) has found that these programs improve children's well-being, especially in the form of investments in children's health and education.
The linkages between women's empowerment and food security have been more difficult to quantify, owing to the difficulty of measuring empowerment. Kabeer (1999) defines empowerment as expanding people's ability to make strategic life choices, particularly in contexts in which this ability had been denied to them. In Kabeer's definition, the ability to exercise choice encompasses three dimensions: resources, agency, and achievements (well-being outcomes). The WEAI focuses on the "agency" aspect, as it is far less studied than resources such as income, or achievements such as educational levels.
Moreover, while nationally representative surveys such as some demographic and health surveys (DHS) include a range of questions about decisionmaking within the household, these are typically confined to the domestic sphere and do not encompass decisions in the productive and economic spheres, nor do the surveys have identical questions for men and women (Alkire et al. 2013) . The WEAI also covers new ground in that it captures control over resources, or agency, within the agricultural sector, something which existing indexes have not done.
Measuring Women's Empowerment Using the WEAI
The WEAI is an aggregate index, reported at the country or regional level, which is based on individuallevel data on men and women within the same households. The two sub-indexes of the WEAI are (1) the five domains of women's empowerment (5DE) and (2) gender parity (the GPI).
1
The 5DE sub-index shows how empowered women are, capturing the roles and extent of women's engagement in the agricultural sector in five domains: (1) decisions over agricultural production, (2) access to and decisionmaking power over productive resources, (3) control over use of income, (4) leadership in the community, and (5) time use. It assesses the degree to which women are empowered in these domains, and for those who are not empowered, the percentage of domains in which they are empowered.
2
The GPI reflects the percentage of women who are as equally empowered as the men in their households. For those households that have not achieved gender parity, the GPI shows the empowerment gap that needs to be closed for women to reach the same level of empowerment as men. Using a survey method that goes beyond the traditional practice of interviewing only a household "head" (often a male) to interview both a principal male and principal female, the GPI permits the comparison of the agricultural empowerment of men and women living in the same household.
Both measures taken together make up the WEAI. The aggregate index therefore shows the degree to which women are empowered in their households and communities and the degree of inequality between women and men in their households. Details regarding the construction and validation of the index can be found in Alkire et al. (2013) . In this paper, we use individual measures of 5DE and its component indicators to investigate the relationship between women's empowerment in agriculture and food security; additionally, we examine the relationship between inequality in empowerment and food security in dual-adult households.
DATA, EMPIRICAL SPECIFICATIONS, AND VARIABLES

Data
The BIHS, designed and supervised by researchers at IFPRI, was conducted from December 2011 to March 2012. The BIHS sample is nationally representative of rural Bangladesh and representative of rural areas of each of the seven administrative divisions of the country. To estimate the total sample size of 5,500 households in 275 primary sampling units (PSUs), BIHS followed a stratified sampling design in two stages-selection of PSUs and selection of households within each PSU-using the sampling frame developed from the community series of the 2001 population census. In the first stage, a total sample of 275 PSUs were allocated among the seven strata (seven divisions) with probability proportional to the number of households in each stratum. Sampling weights were adjusted using the sampling frame of the 2011 population census.
The WEAI relies on information collected from both primary male and female adults in the household, and thus our estimation samples depend on valid responses from these household members. For the analysis using women's 5DE alone, we use data from the self-identified primary female adult. We dropped 1,072 observations because the primary female respondent was either unavailable on the day of the interview or did not respond to all the WEAI survey questions. We dropped 227 observations because a female other than the primary female was interviewed, and 9 additional cases because of possible data entry errors in the demographic data. Our final estimation sample consists of 4,195 households. In examining women's relative empowerment within the household, we restrict the analyses to households where both the primary male and female decisionmakers were interviewed, reducing our sample size to 3,944 households.
The BIHS questionnaires include several modules that provide an integrated data platform to answer a variety of research questions, as well as separate questionnaires for self-identified primary male and female decisionmakers in sampled households. Our study relied primarily on information concerning household demographics, educational attainment, occupation and employment, food and nonfood consumption and expenditures, household-level agricultural production and livestock holding, household assets, housing and amenities, community infrastructure and facilities, and a detailed module on the WEAI.
Empirical Specification
To examine the relationship between women's empowerment in agriculture and household food security, we estimate the following equation:
where f is a vector of food-security outcomes, β1 are coefficients to be estimated, h is a vector of household-level characteristics, c is a vector of community or village characteristics, and ε is an error term. We use two measures of women's empowerment in alternative specifications. In the first main specification, estimated for the full estimation sample, our measure of empowerment is the 5DE score; in the second main specification, estimated for a subsample of households in which we have both men's and women's empowerment scores, our measure of empowerment consists of the GPI, a measure of women's relative empowerment within the household. Because it is likely that women's empowerment within the household might be affected by the same factors affecting the availability of food and dietary diversity, we apply standard IV techniques to correct for potential endogeneity bias, using the ivreg2 procedure in Stata12 (Baum, Schaffer, and Stillman 2010; StataCorp 2011) .
Outcome Variables
Per adult equivalent calorie availability: Food consumption data, covering around 300 food items, were collected at the household level. The data capture quantities consumed from market purchases, home production, and other sources outside the house, for example, relatives, government or nongovernment aid, or food received in exchange for labor. Agricultural seasonality is of concern when working with food consumption data, since lack of labor market activities during the lean season might affect household income, food expenditure, and consequently food consumption. The survey period, however, does not coincide with any of the two lean seasons prevalent in Bangladesh, thus allaying concerns about seasonality. The seven-day data were converted to daily calorie equivalents, and the resulting calorie values were divided by the number of adult equivalents in a household in order to obtain daily per adult equivalent calorie availability values (Ahmed and Shams 1994) .
Household dietary diversity:
Several studies have demonstrated a strong association between dietary diversity and household food security (Hoddinott and Yohannes 2002; Hatloy et al. 2000) . Household dietary diversity is defined as the count of food groups consumed using the seven-day recall household food consumption data. Food was grouped into 12 categories: cereals; white tubers and roots; vegetables; fruits; meat; eggs; fish and other seafood; legumes and nuts; milk and milk products; oils and fats; sweets; and spices, condiments, and beverages (FAO 2011a).
Key Independent Variables
Women's Empowerment in Agriculture Index: To measure women's empowerment in agriculture, we use the WEAI, computed using individual-level data collected from primary male and female respondents within the same households. This section focuses on the 5DE component of the WEAI; the GPI is discussed in Section 4. Table 3 .1 presents the five domains, which comprise 10 indicators. Each domain is weighted equally, as are each of the indicators within a domain. The 5DE sub-index is a measure of empowerment that shows the number of domains in which women are empowered. A woman is defined as empowered in 5DE if she has adequate achievements in four of the five domains or is empowered in some combination of the weighted indicators that reflect 80 percent total adequacy. The five domains of empowerment are defined as follows:
Production: This domain concerns decisions over agricultural production and refers to sole or joint decisionmaking over food and cash-crop farming, livestock, and fisheries as well as autonomy in agricultural production.
Resources: This domain concerns ownership, access to, and decisionmaking power over productive resources such as land, livestock, agricultural equipment, consumer durables, and credit.
Income: This domain concerns sole or joint control over the use of income and expenditures.
Leadership: This domain concerns leadership in the community, here measured by membership in economic or social groups and comfort at speaking in public.
Time: This domain concerns the allocation of time to productive and domestic tasks and satisfaction with the available time for leisure activities. A key innovation of the index is that it identifies the domains in which women are disempowered as well as the relative degree of disempowerment. Figure 3 .1 shows that the leadership and resources domains contribute most to women's disempowerment in rural Bangladesh, while Figure 3 .2 shows the contribution of each domain indicator. We use this information to identify the key domains, and indicators within each key domain, on which to focus our analysis. Group membership emerges as the indicator that contributes most to disempowerment in the leadership domain and access to and decisions on credit as the most critical indicator for the resources domain. The credit indicator, however, may be problematic, since it is not clear whether nonborrowers are truly credit constrained (they may not avail of credit because they have sufficient liquidity). In light of this issue, we also analyze the two other indicators for the resources domain, namely, asset ownership and rights over assets. Based on this information, we use the following alternative measures of empowerment:
Aggregate empowerment score of primary female respondent is the 5DE empowerment score of the female respondent in the household, which is the weighted average of her achievements in the 10 indicators that comprise the five domains of empowerment in agriculture. This measure is increasing in empowerment, and ranges from 0 to 1.
(Leadership domain, group membership indicator) Number of groups in which woman is an active member is the total number of groups in which the female respondent reports being an active member. (Resources domain, access to and decisions on credit indicator) Average number of decisions, concerning credit, taken by female is the number of credit decisions that the female respondent has made solely or jointly, averaged over the lending sources used. For each of the five possible lending sources (nongovernmental organization [NGO] , informal, formal, friends and family, and rotating savings and credit association), the survey asks who made the decision to borrow and who made the decision on how to use the money or item borrowed.
(Resources domain, asset ownership indicator) Number of assets woman has sole or joint ownership of is the total number of asset types for which the female respondent reports sole or joint ownership.
(Resources domain, rights over assets indicator) Number of sole or joint decisions, concerning purchase, sale, or transfer of assets, taken by woman is the total number of decisions made solely or jointly by the female respondent, summed over all asset types. For each asset type, the survey asks who can decide whether to sell, give away, mortgage or rent, or purchase the asset.
Instruments
We use the difference in ages between the primary male and female decisionmakers, and number of types of informal credit sources in the village, as instruments for all the empowerment indicators. The survey collected information on whether the following types of informal credit sources are present in the community: moneylender within or outside village, shopkeepers who offer credit, agricultural input dealers who sell on credit, and large farmers or traders who buy crops at a fixed forward price. We do not include formal credit sources, because obtaining credit from these sources typically requires collateral (which could be correlated with household wealth and could directly affect the outcomes being considered), or NGOs, because obtaining credit from NGOs is membership-based. The existence of a large number of informal credit sources could be indicative of both greater social capital within the community, which could influence a woman's decision to actively participate in a group, and the size of the informal credit market. The availability of a large pool of funds could thus facilitate decisionmaking concerning credit, and accumulation of assets by the borrowers. The differences in ages can reflect differences in human capital between the primary female and her spouse, and therefore reflect relative bargaining strengths (Quisumbing and Hallman 2005) . We also instrument empowerment scores as well as group membership using information on the number of community activities the woman participated in during the previous year; a woman who is more active in the community is more likely to be an active participant in groups. The survey collected information on whether the woman was involved in the following community activities during the last year: (1) contribution of money or time to building/maintenance of small wells and irrigation facilities, (2) contribution of money or time to building/maintenance of communal roads, (3) contribution of money or time to building/maintenance of local mosques/churches/temples, (4) contribution of money or time to development projects, (5) contribution of money to other families having one or more sick members, (6) helping out other families with agricultural labor, and (7) helping out other families with childcare. The difference in recall period implies that the decision to participate in the mentioned activities was already given (exogenous) prior to the current decision to join (or maintain membership in) a group.
An additional variable, whether the homestead land has been inherited by the woman, is used to instrument for both ownership of and rights over assets. Inherited assets have been previously used as a bargaining measure in the literature (Quisumbing 1994; Quisumbing and Maluccio 2003) . While inherited land is arguably endogenous, inherited homestead land is much less likely to be correlated with the error term.
spouse is a migrant or the female is widowed or separated), we considered the age difference to be zero.
Other Independent Variables
Other independent variables include age, age squared, years of schooling of the household head, 4 household size, and proportion of males and females in various age groups (with males aged 60 and above as the excluded category). The occupation of the household head is accounted for using dummy variables for two types of primary occupation: farming and trading. We also include the price of rice as a control variable, since rice is the staple food in Bangladesh, accounting for a fifth of all spending of an average rural household, 35 percent of food expenditure, and 71 percent of total calorie intake . The number of dairy cows owned by a household is expected to affect the food-security outcomes through the pathway of production and consumption of milk and milk products, as well as household wealth. Three other variables are used as indicators of the socioeconomic status of the household: the amount, in decimals, 5 of cultivable land owned by the household; a dummy for whether the household has access to electricity; and a dummy for whether it owns at least one tube well.
We also include diversity in food crop production (that is, the total number of food crops produced by the household) as a regressor; if households consume some of the food that they produce, then more diverse agricultural production is expected to increase dietary diversity at the household level. A change in the total number of food crops produced may also alter the calorie availability of producer households through explicit or implicit change in household income. A household's crop production decisions may be affected by the same factors that influence its calorie availability and dietary diversity, which could lead to endogeneity bias in our analysis. We use the following instruments at the farm level to identify food crop production diversity: (1) whether or not the soil type is clay-loam, (2) whether or not the soil type is sandy-loam, and (3) the percentage of cropped land that is irrigated. Finally, division dummies are included to control for location-specific effects. Summary statistics of all the variables used are presented in Table 3 .2. Per adult equivalent calorie availability is obtained by converting seven-day food consumption data collected at the household level to daily calorie equivalents, and then dividing resulting calorie values were divided by the number of adult equivalents in a household (Ahmed and Shams 1994) . Household dietary diversity is the count of food groups consumed using the seven-day recall household food consumption data. Food was grouped into 12 categories: cereals; white tubers and roots; vegetables; fruits; meat; eggs; fish and other seafood; legumes and nuts; milk and milk products; oils and fats; sweets; and spices, condiments, and beverages (FAO 2011a) . Empowerment score of the woman is the 5DE empowerment score of the female respondent in the household, which is the weighted average of her achievements in the 10 indicators that comprise the five domains of empowerment in agriculture. This measure is increasing in empowerment, and ranges from 0 to 1. Gender parity gap is defined as the difference in the male and female empowerment scores for households where the female score is less than the male score. The gender parity gap is zero if the woman is empowered or her empowerment score is greater than or equal to that of the male in her household.
RESULTS
Women's Empowerment and Food Security
Tables 4.1-4.5 present the ordinary least squares (OLS) and IV regression results for the determinants of household food security. IV diagnostics are presented at the end of each table. The Anderson-Rubin test results imply that the endogenous variables are relevant. The overidentification and under-identification test results confirm that the instruments are valid and the models identified. The Kleibergen-Paap Fstatistics show that the null hypothesis for weak instruments is rejected at the 5 percent (Tables 4.1, 4.4, and 4.5) and 10 percent level thresholds (Table 4. 2). However, the F-statistic in Table 4 .3 fails to exceed the critical value of 4.79, which is associated with a bias relative to OLS of less than 30 percent (Stock and Yogo 2005) . This suggests that the instruments used for women's decisions on credit may be weak. Columns 1 and 3 of Table 4 .1 present the OLS coefficient estimates of the determinants of per adult equivalent calorie availability and household dietary diversity, respectively. These estimates show that the female empowerment score is highly significant and positively correlated with both per adult equivalent calorie availability and dietary diversity at the household level. In columns 2 and 4, after instrumenting for both potentially endogenous variables (empowerment and food crop production), the estimates show a similar pattern, with the IV estimates being larger than the OLS estimates. These results, together with the good performance of the instruments in general, suggest that household diet diversity and calorie availability increase if the primary female decisionmaker is more empowered; the larger IV coefficients suggest that neglecting endogeneity of empowerment may underestimate the impact of increasing women's empowerment on these food-security outcomes. Robust standard errors are in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. Per adult equivalent calorie availability is obtained by converting seven-day food consumption data collected at the household level to daily calorie equivalents, and then dividing resulting calorie values were divided by the number of adult equivalents in a household (Ahmed and Shams 1994) . Household dietary diversity is the count of food groups consumed using the seven-day recall household food consumption data. Food was grouped into 12 categories: cereals; white tubers and roots; vegetables; fruits; meat; eggs; fish and other seafood; legumes and nuts; milk and milk products; oils and fats; sweets; and spices, condiments, and beverages (FAO 2011a) . Empowerment score of the woman is the 5DE empowerment score of the female respondent in the household, which is the weighted average of her achievements in the 10 indicators that comprise the five domains of empowerment in agriculture. This measure is increasing in empowerment, and ranges from 0 to 1. Table 4 .2 we find that women's group membership is positively and significantly correlated with both per adult equivalent calorie availability and dietary diversity. This implies that increasing the number of groups in which women actively participate has a positive impact on household food-security outcomes. In Table 4 .3, the OLS coefficient estimates (columns 1 and 3) for women's decisionmaking concerning credit are insignificant, but IV estimates emerge as positive and significant, suggesting that women's decisionmaking concerning credit is significant and positively correlated with the food-security outcomes (columns 2 and 4). Since the weakidentification test results suggest that the instruments used for this particular model are weak, we take these results with caution. An underlying problem with using decisions on credit as an indicator of empowerment in this context is that wealthier people may not need to avail of credit (because they can self-finance) and that many microfinance activities are targeted to poorer women in Bangladesh. Source: Estimated by authors using data from the IFPRI Bangladesh Integrated Household Survey, 2011-2012. Notes: OLS = ordinary least squares; 2SLS = two-stage least squares. Robust standard errors are in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. Per adult equivalent calorie availability is obtained by converting seven-day food consumption data collected at the household level to daily calorie equivalents, and then dividing resulting calorie values were divided by the number of adult equivalents in a household (Ahmed and Shams 1994) . Household dietary diversity is the count of food groups consumed using the seven-day recall household food consumption data. Food was grouped into 12 categories: cereals; white tubers and roots; vegetables; fruits; meat; eggs; fish and other seafood; legumes and nuts; milk and milk products; oils and fats; sweets; and spices, condiments, and beverages (FAO 2011a). Robust standard errors are in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. Per adult equivalent calorie availability is obtained by converting seven-day food consumption data collected at the household level to daily calorie equivalents, and then dividing resulting calorie values were divided by the number of adult equivalents in a household (Ahmed and Shams 1994) . Household dietary diversity is the count of food groups consumed using the seven-day recall household food consumption data. Food was grouped into 12 categories: cereals; white tubers and roots; vegetables; fruits; meat; eggs; fish and other seafood; legumes and nuts; milk and milk products; oils and fats; sweets; and spices, condiments, and beverages (FAO 2011a).
Moving on to the individual indicators, in
The OLS and IV coefficient estimates of women's ownership of assets (presented in Table 4 .4) and rights over assets (Table 4 .5) are significantly positive, implying that female ownership of and control over major household assets has a role to play in improving household food security. Previous work in Bangladesh has demonstrated that greater resource control by women is associated with improved child health (Hallman 2003) ; evaluations of the long-term impact of agricultural interventions have similarly showed that interventions targeted to women's groups have increased women's assets and improved the nutritional status of women and girls (Kumar and Quisumbing 2010) . Source: Estimated by authors using data from the IFPRI Bangladesh Integrated Household Survey, 2011-12. Notes: OLS = ordinary least squares; 2SLS = two-stage least squares. Robust standard errors are in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. Per adult equivalent calorie availability is obtained by converting seven-day food consumption data collected at the household level to daily calorie equivalents, and then dividing resulting calorie values were divided by the number of adult equivalents in a household (Ahmed and Shams 1994) . Household dietary diversity is the count of food groups consumed using the seven-day recall household food consumption data. Food was grouped into 12 categories: cereals; white tubers and roots; vegetables; fruits; meat; eggs; fish and other seafood; legumes and nuts; milk and milk products; oils and fats; sweets; and spices, condiments, and beverages (FAO 2011a). Source: Estimated by authors using data from the IFPRI Bangladesh Integrated Household Survey, 2011-2012. Notes: OLS = ordinary least squares; 2SLS = two-stage least squares. Robust standard errors are in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. Per adult equivalent calorie availability is obtained by converting seven-day food consumption data collected at the household level to daily calorie equivalents, and then dividing resulting calorie values were divided by the number of adult equivalents in a household (Ahmed and Shams 1994) . Household dietary diversity is the count of food groups consumed using the seven-day recall household food consumption data. Food was grouped into 12 categories: cereals; white tubers and roots; vegetables; fruits; meat; eggs; fish and other seafood; legumes and nuts; milk and milk products; oils and fats; sweets; and spices, condiments, and beverages (FAO 2011a).
In the IV models, the effect of the number of food crops produced by the household on calorie availability at the household level is insignificant, but a strong and significant positive association between crop diversity and dietary diversity is evident; the more food crops households produce, the higher their dietary diversity. The number of dairy cows owned has a significant positive impact on both household food energy availability and household dietary diversity in all models. Rice price is not significantly associated with household-level food energy availability but is strongly and positively associated with household-level dietary diversity. The latter finding is similar to that of Rashid, Smith, and Rahman (2011) , who argue that households may respond to an increase in rice price by partially shifting consumption away from rice to other food items, which results in an increase in dietary diversity. Owned cultivable land is strongly associated with both household food energy availability and household dietary diversity in all models. A change in cultivable landownership modifies household-level calorie availability and dietary diversity through its wealth or income effect. However, the other two incomerelated variables-ownership of a hand tube well and access to electricity-appear to be important in significantly influencing household-level food energy availability and dietary diversity only in certain models.
Consistent with the existing literature on human capital and household food security, the education of the household head has a positive and significant relationship with both calorie availability and dietary diversity. The impact of the age of the household head on calorie availability is significant and increasing at a decreasing rate in most of the regressions, but households with older heads appear to have less diverse diets. Having a household head whose primary occupation is farming significantly increases both calorie availability and dietary diversity in all the regression models. The positive relationship between farming as the main occupation and both calorie availability and dietary diversity is consistent with our other result that diversity in agricultural production increases dietary diversity at the household level. Having a household head who is primarily involved in trade improves only dietary diversity, not calorie availability.
As expected, household size has a significant negative impact on calorie availability in all the regressions, suggesting that per adult calorie availability decreases in larger households. However, household size has a positive and significant correlation with diet diversity. Since a household member may have access to food from a variety of sources (home production, purchased outside the house, received in exchange for labor, and so on), a larger household size may simply be a reflection of the greater variety in food consumption patterns as a result of having more people living in the household. Coefficients on demographic categories indicate that household demographic composition significantly affects calorie availability across different specifications of the empowerment variable, but only a few demographic categories significantly affect dietary diversity. In the (preferred) IV specification, households with a larger proportion of males and females between 19 and 59 years of age have more diverse diets; these coefficients are weakly significant in the specifications using the overall empowerment score and decisions on credit, and highly significant in the specifications using asset-based empowerment indicators.
Gender Parity and Household Food Security
While our study has mainly focused on examining the relationship between the level of women's empowerment in the household and household food-security outcomes, it is also interesting to examine whether women's relative empowerment within the household is associated with household food security. Considerable evidence exists in support of the need to address intrahousehold gender inequality in attaining development objectives Haddad, Hoddinott, and Alderman 1997; Quisumbing 2003 ). As mentioned above, the WEAI survey collects information from both the principal male and principal female in the household, allowing us to compare the agricultural empowerment of men and women living in the same household. The GPI is a composite index that reflects the percentage of women who have gender parity as well as the empowerment gap between men and women in households not having gender parity. Because we are interested in examining how differences between the empowerment levels of men and women affect household food-security outcomes, we use the gender parity/empowerment gap component of the GPI as our key control variable here. Since we need both male and female scores to compute the gender parity gap, we use the smaller estimation sample of 3,944 households where both the primary male and female decisionmakers have been interviewed. We describe how the gender parity gap is calculated and instrumented below.
Gender parity gap: According to Alkire et al. (2013) , a household enjoys parity if the woman is empowered or her empowerment score is greater than or equal to that of the male in her household. Thus, the gender parity gap is zero if the household enjoys gender parity. Otherwise, the gap equals the difference in the male and female aggregate empowerment scores.
We instrument the gender parity gap using the same set of instruments for 5DE and its component indicators as in the previous analysis. Since the gender parity gap is constructed using the empowerment scores, and measures relative empowerment, it is reasonable to assume that these instruments are relevant in this case as well. The IV diagnostics at the end of Table 4 .6 suggest that the instruments are valid and the models are identified. The null hypothesis for weak instruments is rejected at the 5 percent level. For the rest of the controls, we used the same set of variables as in our previous analyses.
Results: Table 4 .6 presents the regression results for the GPI gap and food-security outcomes. The OLS and IV coefficient estimates of the GPI gap are significant and negative, implying that a reduction in the gap is associated with an increase in per adult equivalent calorie availability and household dietary diversity. This means that reducing the gender gap in empowerment or improving women's relative empowerment is associated with greater food security at the household level, consistent with the existing literature on female bargaining power within the household and household welfare outcomes. Source: Estimated by authors using data from the IFPRI Bangladesh Integrated Household Survey, 2011-12. Notes: Notes: OLS = ordinary least squares; 2SLS = two-stage least squares. Robust standard errors are in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. Per adult equivalent calorie availability is obtained by converting seven-day food consumption data collected at the household level to daily calorie equivalents, and then dividing resulting calorie values were divided by the number of adult equivalents in a household (Ahmed and Shams 1994) . Household dietary diversity is the count of food groups consumed using the seven-day recall household food consumption data. Food was grouped into 12 categories: cereals; white tubers and roots; vegetables; fruits; meat; eggs; fish and other seafood; legumes and nuts; milk and milk products; oils and fats; sweets; and spices, condiments, and beverages (FAO 2011a) . Gender parity gap is defined as the difference in the male and female empowerment scores for households where the female score is less than the male score. The gender parity gap is zero if the woman is empowered or her empowerment score is greater than or equal to that of the male in her household.
CONCLUSIONS AND PUBLIC IMPLICATIONS
This paper has demonstrated that the recently developed WEAI can be used not only to assess the extent of women's empowerment in agriculture but also to identify areas where the gaps in empowerment are more severe. Because the WEAI is decomposable into its component sub-indexes and domains (Alkire et al. 2013) , it has the potential to help researchers identify areas for policy intervention. In Bangladesh, out of the five domains over which empowerment is measured, the domains of leadership in the community and control over resources emerged as the areas of greatest disempowerment for women. Moreover, because the WEAI is decomposable into its component indicators, we can examine more closely how each component indicator affects the well-being outcomes that we are trying to influence-in this case, calorie availability and dietary diversity.
The WEAI is based on a very rich household-and individual-level dataset, enabling us to analyze component indicators in greater detail. In particular, these component indicators can be used to identify concrete areas for policy interventions to enhance the contribution of women's empowerment to foodsecurity outcomes-specifically, increasing the number of groups in which women actively participate and increasing women's control of assets. While it is well known that NGOs have been active in increasing their membership base among poor rural women, women with more bargaining power within their households (owing to greater schooling or assets brought to marriage) are more likely to participate in NGOs (Quisumbing 2009 ). Group-based efforts have often been unable to reach the ultra-poor because many group-based activities, such as those in microfinance, require a minimum level of resources for participation, such as funds for the compulsory savings requirements. Long-seated systems of property rights that favor men in terms of inheritance, and the difficulty that women face in accumulating assets that they can control, need to be addressed so that women can build up their control of assets. This suggests that reforms of inheritance and property rights law more broadly, and specific interventions to increase women's control of assets, should be important parts of the policy agenda to reduce gender inequality.
These interventions could include targeted asset transfers to poor women (similar to those implemented by the Bangladesh Rural Advancement Committee through its Targeting the Ultra Poor Program) as well as efforts to improve women's access to financial instruments (both savings and credit) so they can accumulate assets. The finding that not only absolute empowerment but also the relative empowerment of women within households positively affects household food security provides additional support for policies to narrow the gender gap in Bangladesh.
Our results also highlight the importance of investing in the agricultural sector as a whole to increase production diversity. The BIHS results show that about 77 percent of the total cropped area in Bangladesh is under rice cultivation, implying very little crop diversity. While there have been significant advances in agricultural research, these have focused mainly on rice. Our findings call for increased investment in agricultural research to enhance the productivity of other food crops, such as pulses, vegetables, and fruits. The positive impacts of tube-well ownership and access to electricity also suggest that investments in complementary infrastructure will be important to increase household-level food energy availability and dietary diversity. Lastly, continued investments in schooling, particularly of women and girls, will be important not only to increase food security but also to narrow the gender gap in human capital.
